Working memory is one of the essential higher cognitive functions that actively holds behaviorally-relevant information essential for guiding subsequent actions. It includes subsystems that store and manipulate singlemode or multi-modal sensory information, e.g., spatial information, visual images, auditory scenes, olfactory objects, or any combination of these. In addition to merely holding a certain amount of information for a short period of time, as is generally believed, the cognitive processes involved are far more complex, including the executive and attentional control of short-term memory, permitting interim integration, and the processing, disposal, and retrieval of information. Evolution-wise, working memory is essential for the behavioral fl exibility that allows humans and animals to quickly adapt to rapidly changing environments.
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A wealth of studies have been conducted in attempts to understand the neuronal process underlying working memory, and have identified a number of brain regions as crucial, including the prefrontal cortex (PFC), posterior parietal cortex, anterior cingulate, and parts of the basal ganglia. Among these regions, the PFC has drawn most attention due to the striking finding that individual neurons show persistent activity during the memory-retention period [1] [2] [3] (termed the delay period, a hallmark of working memory tasks): elevated activity persists after the sensory stimuli have been removed until the holding period is over (from seconds to tens of seconds) and the behavioral choice has been made. This raises the immediate question of whether the persistent activity in the PFC during the delay period encodes the contents of working memory (memory storage). This has been under debate for the last two decades [4] .
Some studies find that PFC activity increases when the number of items to be memorized increases. [4] implies that its role in working memory might be controlling attention, selecting strategies, and manipulating information, rather than information storage [2, 5] .
To resolve this debate, it is therefore necessary to achieve a deeper understanding of the causal role of the PFC in working memory tasks. This would require temporally precise perturbation of neuronal activity in specific regions of the PFC during the delay period of a working memory task and monitoring its effect on task performance. Technically, such manipulation has not yet been achieved in primate and human subjects due to technical difficulties. In rodents, however, the temporally and spatially precise manipulation of neuronal activity has been exceedingly successful thanks to the recent development of new tools such as optogenetics and genetic manipulation techniques [6] . Meanwhile, choicebased and precisely controlled behavioral paradigms in rodents have also been developed, allowing a high degree of stimulus control, accurate behavioral readout, and precise measurement of neuronal activity [7] [8] [9] . On top of Ning-long Xu. Learning to memorize: shedding new light on prefrontal functions 243 these behavioral paradigms, imposing an additional delay period before choice allows precisely timed, memorybased brain processes to be investigated using rodents [10, 11] .
However, imposing a delay immediately before choice could confound the memory content with motor planning components [10] . In order to determine whether PFC activity during the delay period is responsible for memory storage, a more desirable paradigm would try to retrieve the same sensory information following a delay period, such that decision or behavioral choice can be made only after the memory retrieval is fi nished.
In a recent study [12] , using head-fixed mice, Liu et al. developed an olfactory delayed-nonmatch-to-sample paradigm (DNMS), a standard working memory task that had only been used in primates before ( Another question concerns the specificity of the persistent activity in the mPFC during the delay period, i.e., whether it requires a specifi c subpopulation of neurons in the mPFC to be activated, or a general elevation of 
